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THREE DECADES OF

EXPL

INCE Lawrence Livermore’s inception in 1952, Laboratory

researchers have been among the nation’s leaders in
understanding, synthesizing, formulating, testing, assessing, and
modeling the initiation systems and energetic materials (EM) that
play an integral role in the U.S. nuclear deterrent, conventional
munitions, and homeland security. The Laboratory’s Energetic
Materials Center (EMC), founded in 1991, continues to build
upon that critical expertise, enabling scientific investigation in
support of the nuclear deterrent and keeping the nation safe from
emerging explosives and nuclear proliferation.

EMs—explosives, propellants, and pyrotechnics—store
energy and release it precisely as needed, making them
foundational to many Laboratory programs. This family of
substances can morph from solid to gas nearly instantly,
reaching temperatures of thousands of degrees Celsius, and
move matter several miles per second. EMC has been the focal
point for EM research and development at the Laboratory,
launching many of the innovations that have strengthened
the national security enterprise and national security efforts

SIVE-INNOVATION

around Lawrence Livermore. After 30 years, the center’s work
is more important than ever as the nation faces increasingly
complex nuclear and nonnuclear threats. EMC scientists apply
their expertise to develop solutions for Department of Defense
(DOD) conventional weapons, explore new ways to detect and
defeat homemade explosives for the Department of Homeland
Security, and develop strategies to counter the threat of
improvised explosive devices for nuclear counterterrorism
and counterproliferation.

Vital Expertise

EMC came to life at the end of the Cold War. Former
EMC Director Randy Simpson recalls, “The Laboratory had
contributed enormously to deterring the Soviets, and we were
now shaken by their collapse.” At the same time, an anticipated
transition away from nuclear testing required weapons scientists
and engineers to develop and use more advanced experimental,
modeling, and computational capabilities to better understand
not only how EMs perform in today’s stockpile, but also how the
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materials’ aging processes might affect weapons performance
in the future. “People at the Laboratory and nationwide worked
to reimagine the nuclear-weapons complex. At Livermore, we
strategized how to build upon our best-in-class capabilities to
replace underground testing,” says Simpson.

Recognizing that expertise in high explosives (HEs)—
a type of EM used, among other applications, to trigger
nuclear devices—would remain vital to national security,
the Laboratory proposed an organization in which chemists,
engineers, and physicists would apply broad and deep wells
of expertise and resources. The core disciplines of energetic
materials maturation would combine with experimentation at
world-class facilities, such as the High Explosives Applications
Facility (HEAF) and the more remote Site 300, and high-
fidelity modeling and simulation to provide the basis for
scientific advances in EMs. Thus EMC was established to
sustain ongoing HE research and serve four strategic goals:
maintenance of needed capabilities for the nuclear-weapons
program; development of strategic partnership programs with
DOD; the transition of technology to industry from Department
of Energy national laboratories; and the advancement of EM
science in partnership with universities.

Home to EM “Firsts”

Over the decades, the center has transitioned from a
component of stockpile sustainment to an essential player in
modernizing the U.S. nuclear, conventional, missile-defense,
industrial-capability, and other deterrents. As former director Ron
Atkins put it, EMC has become “the country’s most important
repository of energetic materials expertise.” The defense, oil-
exploration, mining, and explosives-detection industries benefit
as well, using EMC science and technology to optimize materials
efficiency for applications as varied as warheads and oil well
stimulation, improve operational safety, capitalize on novel
materials, and improve radiographic and chemical detection.

New experimental platforms, advanced diagnostics,
utilization of next-generation light sources, and techniques for
enhanced in situ chemical and physical characterization of HE
materials are also being developed. Advanced manufacturing
methods aid material discovery to reduce development
cycles for scale-up of feedstock materials and improve the
responsiveness of manufacturing HE components. The proposed
Energetic Materials Development Enclave at Site 300—

a partnership between Lawrence Livermore and the Pantex
Plant—will drive a new approach to accelerate the adoption

of new explosive materials and production capability within

the nuclear security enterprise. By working directly with
Livermore’s production agency partners, the enclave will enable
concurrent design and production development and move from
concept to production-ready materials seamlessly.

Energetic Materials Center

Energetic Materials Center (EMC) team members Albert Nichols, Randy

Simpson, Ron Atkins, Ron Lee, Jon Maienschein, Lawrence Fried, and Phil
Pagoria show off the precision cylinder experiment from the High Explosives
Applications Facility 1-kilogram north firing tank, circa 1998.

Facing New Challenges

Since the mid-2010s, EMC has embarked on its greatest
challenge yet with the launch of nuclear modernization efforts
at Lawrence Livermore, beginning with the arrival of the W80-4
Life Extension Program (LEP) in 2014, and more recently with
the W87-1 Modification Program in 2019. With the W80-4
LEP, the Laboratory leads the charge to develop means to
remanufacture PBX 9502, an insensitive high explosive not in
production at scale since the early 1990s.

EMC researchers also shepherded development of the novel
explosive LX-21, the first new explosive to be introduced into
a nuclear warhead without full-scale underground testing. From
explosives development and scale-up to production, Laboratory
scientists have diligently moved forward. In the last decade, the
Lawrence Livermore HE enterprise has earned the HE R&D
Center of Excellence distinction, and EMC researchers play a
critical role in maintaining the peak level of performance.

“You could say we’ve been waiting for this moment in
time,” remarks Lara Leininger, current director of the EMC.
“The center has responded to address the magnitude of the
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Energetic Materials Landmarks

High-Explosives (HE) Modeling

Lawrence Livermore created the thermochemical modeling codes
Ruby, Tiger, CHEQ, and Cheetah. Cheetah is the first, and only,
code that is widely distributed, used, and validated both as a stand—
alone capability and coupled with a hydrodynamic code. Cheetah
simulates detonations, predicting the effects of different chemical
reactants; tracking reactions at the
molecular level to obtain velocity
and energy; and, using this data,
designing optimized explosives with
custom characteristics. In 2021, the
Cheetah team enabled the code to
operate on graphics processing unit—
based exascale supercomputers.

The Reaction Sorption and
Transport (ReSorT) model, which
started as a Laboratory Directed
Research and Development (LDRD)
initiative and was recently implemented in Livermore’s DIABLO
simulation platform, was developed by scientists at the Energetic
Materials Center (EMC) to assess long-term aging and compatibility
of systems including those with energetic materials. The Laboratory’s
High Explosive Response to Mechanical Stimulus (HERMES),
developed in Livermore’s ALE3D simulation platform, is the first
model to predict a range of post-ignition responses, as pictured above.

New Materials

LX-14

Livermore holds the patent for
free-form shaped-charge design and
has continued to lead in shaped-
charge development including the
material LX-14 (left), used in most
Department of Defense (DOD)
charges, designer wave-shaping,
free-form applications, and an
emergency severance tool to prevent
environmental damage.

LX-17 and LX-21

Livermore introduced insensitive high

explosive (IHE) LX-17, based on
triaminotrinitrobenzene (TATB), into a
reentry system with ultrafine-TATB as the
booster material. LX-21 (left) is based on
the promising IHE candidate Lawrence
Livermore Molecule—105 and will be the first
new explosive to enter the stockpile without
underground testing.

Safe Detonators
The Laboratory
invented and
implemented the
Mechanical Safe
Arming Device (MSAD) and the Slapper detonator (below), which
prevents accidental or unintended detonation of a nuclear warhead
in National Nuclear Security Administration and DOD
custody, as demonstrated in cut-back experiments with
LX-21 (above). MSAD is a discriminator stronglink—a
critical component for nuclear safety requirements—that
protects the nuclear weapon by preventing any potential
activation from outside sources.

Advanced Manufacturing

Livermore has always been an early-adopter of advanced
manufacturing techniques including injection-molding for high-
power, high-precision
applications, and

the first-ever use of
microreactor synthesis
in the demonstration
of continuous
synthesis processes. The Laboratory has pioneered the use of direct-
ink writing (DIW) for complex, multimaterial, explosive components
and recently printed the first-ever kilogram-scale additively
manufactured explosive and detonated it in the High Explosives
Applications Facility. The resulting additively manufactured
explosive test articles (above) were part of a proof-of-concept study.
The image shows the test articles, with either one or two triangular
regions of a “fast” detonation velocity explosive (white regions)
printed with a “slow” explosive (mustard-colored regions). These
composite charges were detonated on one edge (one detonator on the
left and two detonators on the right), and the detonation propagated
along the longitudinal direction of the hemicylinders as indicated.
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Experimentation

Two LDRD initiatives led to the development,
design, and implementation of the first-

ever explosives experiments at Argonne
National Laboratory’s Advanced Photon
Source Dynamic Compression Section, the
OMEGA Laser Facility at the University of
Rochester, and the National Ignition Facility. Performance and
safety data on detonators and explosives were captured for the first
time, improving the understanding of the materials’ performance
and aging. An artist’s rendition depicts the experiment in which a
laser impacts a thin HE material target (shown in yellow) and the
chemical reaction results in solid-carbon products (black shapes).
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Diagnostics

Livermore developed handheld explosive detection protocols,
some of which have been commercialized. Improvements are
ongoing with two patents granted since 2018. Pictured above,

the pocket-sized E.L.I.T.E.™ (Easy Livermore Inspection Test for
Explosives) kit—a 2006 R&D100 Award winner and Federal Lab
Consortium Award winner—uses chemical reactions to quickly
detect explosives.

The Livermore Explosives Detection Program provides end-
to-end characterization of explosives and other threats including
algorithm development to enable the Department of Homeland
Security and the
Transportation
Security
Adminsitration to
identify suspicious
items in checked
bags and differentiate
explosives from
harmless items.

At left are samples

of computerized
tomography data from
samples prepared and
characterized by EMC
and Non-destructive
Characterization
Institute scientists

at HEAF.

Publications

EMC’s High Explosives Reference Guide, following on from

the first HE Handbook developed at EMC, is the standard

for the documentation and distribution of critical explosives
manufacturing, performance, and safety data and serves more than
1,300 users from the National Security Enterprise, DOD, and other
government agencies. EMC also coedits Propellants, Explosives,
Pyrotechnics, the largest scientific journal in the field.

Energetic Materials Center

Today’s EMC team includes a blend of early career and veteran scientists.

challenges faced today. Our collaboration with colleagues in
both the Weapons and Complex Integration and Global Security
Principal Directorates has been excellent.”

Looking toward the 2030s and beyond, the center aims to
enable the study of a reacting material at nanosecond resolution
and micrometer-length scales not previously possible. Future
advances require scrutiny of predictive codes, taking advantage
of graphics processing unit architectures and applying machine
learning and data science. Other priorities include diagnostics
to measure the temperature and product set of chemical
reactions in situ at these shorter time and length scales;
accelerated materials development through responsive and agile
manufacturing and data science techniques; and development of
new HE molecules by leveraging high-performance computing,
computational chemistry, and scalable manufacturing processes.

Aggressive schedules have called for increased testing at a
pace not seen for decades, and EMC plans to remain the first
place the National Nuclear Security Administration, DOD, and
other government agencies think of when they need energetics
expertise. Says Leininger, “After 30 years, the Energetic
Materials Center is ready and agile for whatever comes next.”

— Margaret Davis and Ben Kennedy
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For further information contact Lara Leininger (925) 423-6573
(leininger3@lIinl.gov).
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